. The gain-frequency response of the preamplifier. The increase of the 0 dB gain and the decrease of the 13.979 dB gain when the frequency exceeds 20 MHz is caused by the frequency characteristics of the operational amplifier.
Supplementary
. The CMRR-frequency response of the preamplifier. The top bound of the CMRR can reach −80 dB when the gain is 13.979 dB. We used the HF2LI to measure the CMRR of the preamplifier. The HF2LI was set to AC coupling, 50 Ω input impedance, and differential mode. The signal output of the HF2LI generated a 1 Vpk sine wave which was used as the input signal of the preamplifier, and the output of the preamplifier was connected to the signal input 1 of HF2LI. Figure S3 . The connection model of the input impedance measurement. The Rs is the impedance of the signal generator (commonly set to 50 Ω), Rx is the additional impedance and RL is the input impedance of the preamplifier. Figure S4 . The structure of the CA. The CA is implemented by two cascaded operational amplifiers (AD8065 by Analog Devices) with 1kΩ input impedance and 50 Ω output impedance. Figure  S8) .

Supplementary Figure S8 . The amplitude-frequency response of the HF2LI. We used the output sine signal of the HF2LI to generate a 100 mVrms signal and directly connect it to the input of the HF2LI. The amplitude is dropped when the frequency exceeds 20 MHz. Supplementary Note S1. The calibration process in our DLIA. We have used piecewise polynomial fitting to calibrate the output (both R and θ values) of the DLIA in ARM. The coefficients were calculated by the Matlab (by Mathworks, Inc., Natick, MA, USA) and then the output of the DLIA was calibrated in the ARM by the following Equation:
where the x is the output value without calibration in i th piece, f(x ) is the calibrated output value and p are the coefficients corresponding to the i th piece. Supplementary Note S2. The input impedance measurement. The connection model of the input impedance measurement is shown in Supplementary  Figure S3 . We calculated the input impedance by Equation 2:
By changing different RX, we can get the RL.
Here we set VDA to 1.5 Vpp (535 mVrms) at 1 Hz, to 1 MΩ and 10 MΩ. The measured is 485.5 mVrms and 267.9 mVrms correspondingly. The calculated RL is 10.08 MΩ.
